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Abstract 

The eosinophil is characterized by specific cytoplasmic granules that con- 
tain a series of cationic toxins able to kill many targets, including helminths, 
protozoa, bacteria, and other cells.' In bronchial asthma, considerable 
evidence exists that the eosinophil releases granule proteins, especially the 
major basic protein (MBP), which in turn mediate tissue abnormalities. 
Among eosinophil-activating factors, IL-5 has been associated with hel- 
minth infection and hypersensitiyity diseases and would appear to be an 
attractive target for pharmacological intervention. 



INTRODUCTION 

Information about the eosinophil has rapidly expanded over the past 
several years. The discovery that the eosinophil is a likely mediator of 
bronchial asthma (1) has increased interest regarding the eosinophil in 
asthma and other respiratory diseases. The occurrence of the eosinophilia- 
myalgia syndrome (EMS) as an epidemic related to the ingestion of tainted 
L-tryptophan has further stimulated awareness of the eosinophil (2). This 
heightened interest is manifested by a dramatic increase in publications 
dealing with the eosinophil: for example, before 1975, approximately 100 
publications per year could be identified from the National Library of 
Medicine data base under the search term eosinophil; in 1990 over 900 
articles on eosinophils were published. In this review, we briefly present 
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information on the biology of eosinophil function and relate this infor- 
mation to ongoing investigations of the role of eosinophils in parasitism 
and in a hypersensitivity disease, namely bronchial asthma. 

EOSINOPHILS AND THEIR CONSTITUENTS 

Morphology 

As reviewed in detail elsewhere (3), eosinophils contain three types of 
granules: primary granules, which are round, uniformly electron dense, 
and characteristically present in eosinophilic promyelocytes; specific or 
secondary granules, which are composed of an electron-dense core and an 
electron-lucent matrix; and small granules, of which relatively little is 
known except that they contain acid phosphatase and arylsulfatase. 
Eosinophils also contain lipid bodies, nonmembrane-bound lipid-rich 
inclusions that are present in many types of cells and that incorporate 3 H- 
arachidonate (4). Although normal eosinophils are usually circular or 
ovoid when observed by light microscopy, "Cells with one or more pseudo- 
pods have been seen in human blood, sputum, bone marrow, and nasal 
smears (5); they are termed medusa cells to highlight the presence of 
pseudopods. Although the significance of medusa cells is unknown, they 
may be related to alterations of the cell, during the course of its death. 

Cellular Constituents 

The constituents of the eosinophil can be divided into molecules associated 
with membranes and molecules associated with granules. 

membrane proteins Receptors for immunoglobulins and complement, 
including IgG, Clq, C3b/C4b (CR1), iC3b (CR3), and C5a, are present 
on eosinophils (reviewed in 3 and 6). The IgG receptor is the low-affinity 
Fc-yRII (CD32) (7). The absence of Fc-yRIII on eosinophils and its pres- 
ence on neutrophils has proven to be a useful means for eosinophil puri- 
fication by negative selection (8). The IgE receptor is of low affinity and 
appears to be similar, if not identical, to CD23 present on B cells and 
monocytes. 

When eosinophils are incubated with IgG-coated schistosomula of 
Schistosoma mansoni, they degranulate and kill the parasite (9). To mimic 
these conditions, beads coated with immunoglobulins, including IgG, IgA, 
and, most potently, secretory IgA (slgA), have been used to stimulate 
eosinophil degranulation (10). Eosinophil degranulation is not inhibited 
by glucocorticoids (11), but it is inhibited by agents increasing intracellular 
concentrations of cyclic AMP (cAMP), such as phosphodiesterase inhibi- 
tors (12), and by pertussis toxin (at least two pertussis-sensitive G proteins 
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appear to be involved) (13). The information that slgA potentially stimu- 
lates eosinophil degranulation is interesting in light of the localization of 
eosinophils in tissues associated with epithelial surfaces, including the 
gastrointestinal tract, the respiratory tract, and the skin. Comparison 
of eosinophil degranulation stimuli revealed that slgA-coated Sepharose 
beads were the most potent, followed by the calcium ionophore, A23187, 
formyl-methionyl-leucyl-phenylalanine (FMLP) and more distantly by 
IgG-coated beads and phorbol myristate acetate (PMA) (13). 

Eosinophils possess receptors for several cytokines, including interleukin 
(IL)-3, IL-5, and granulocyte-macrophage colony-stimulating factor 
(GM-CSF) (14, 15), and presumably for interferon (IFN)-y, IFN-0, IFN- 
a, and tumor necrosis factor (TNF-a) (16). Eosinophils also have receptors 
for platelet-activating factor (PAF) (17) and presumably for leukotriene 
(LT)B 4 in that this is a potent chemotactic agent for eosinophils (18). 
Further evidence exists that eosinophils also have receptors for estrogens, 
for glucocorticoids, and for ^-adrenergic agonists. 

Adhesion molecules, including CD 11a, Mac I (CD lib), P150-95-a 
(CD1 lc), and the common beta chain (CD 18) receptors, have been identified 
on eosinophils (7). The possession of these /?2 integrins permits eosinophils 
to adhere to intercellular adhesion molecule-1 (ICAM-1) and CR3 (19). 
However, neutrophils also would be able to adhere to endothelial cells via 
these same mechanisms. Recently,* specific eosinophil adherence to IL-1- 
stimulated human umbilical cells has been shown to be dependent on the very 
late activation antigen-4 (VLA-4) integrin receptor and on endothelial cell 
expression of the vascular cell adhesion molecule-1 (VCAM-1) (20). Thus, 
these results suggest that eosinophils employ VCAM-1 for specific adherence. 
Interestingly, the occurrence arid function of VCAM on endothelial cells is 
increased by IL-4 (21), a cytokine associated with TH-2. 

Eosinophils also express membrane CD4, usually associated with T 
helper cells (22); the eosinophil CD4 can bind glycoprotein 120 of the 
human immunodeficiency virus type I (HIV-1 gp 120). Further, three CD4- 
binding ligands [HIV-1 gpl20, bivalent anti-CD4 monoclonal antibody, 
and lymphocyte chemoattractant factor (23)] stimulate the migration of 
eosinophils (24). Eosinophils cultured in the presence of murine fibroblasts 
and GM-CSF synthesize and express HLA-DR protein (25). In antigen- 
presenting cells, class II protein mediates the interaction with T cells by 
presentation of processed antigen to CD4+ lymphocytes (26). Preliminary 
evidence suggests that eosinophils induced to express HLA-DR by in 
vitro culture with GM-CSF can act as MHC class II restricted antigen- 
presenting cells (27). 

eosinophil granule proteins The eosinophil contains four pre- 
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dominant cationic molecules, including eosinophil peroxidase (EPO), Eosim 

major basic protein (MBP), eosinophil cationic protein (ECP), and eosin- * s ^ 

ophil-derived neurotoxin (EDN). The biochemical characteristics of these experi 

molecules were recently reviewed in detail (3) and, therefore, the properties j s ^ Qr 

of these granule proteins are summarized only briefly here. riboni 

Major basic protein (MBP) MBP consists of a single polypeptide chain 134 ai 

of 117 amino acids. It is rich in arginine, has a molecular weight of of ED 

approximately 14,000, and has a calculated isoelectric point of 10.9 (3). to t ^ ie 

Interestingly, the MBP cDNA specifies a prepromolecule with a 90 amino EDN 

acid pro-sequence followed by the 117 amino acid sequence of MBP. The granu 

90 amino acid pro-portion is enriched in acidic amino acids, especially rabbit 

glutamic acid, and its isoelectric point is 3.9. The combination of pro- / 

portion and MBP yields a molecule of 207 amino acids with approximately activit 

equal numbers of strongly basic and acidic amino acids and an isoelectric activit 

point of 6.2. ^ other( 

Although several possibilities exist for the functions of the MBP pro- weakl; 

portion, one possibility seems particularly attractive, namely that proMBP Eosim 

protects the cell from the toxic effects of MBP during the transport of ^as ^ 

proMBP from the Golgi apparatus to the eosinophil granule. MBP is ^ ase 

localized in the core of the eosinophil granule, and it is present in basophils, codim 

albeit in quantities significantly less than in eosinophils. MBP can also be corres 

identified in mast cells, but here it appears that the mast cell endocytoses y reg j 

MBP and that mast cells from normal tissues (not containing eosinophils) 53 Ql ] 

are MBP-negative (28). MBP is a potent toxin able to damage various j^e s> 

parasites, both helminths and protozoa, to kill bacteria and mammalian (MPO 

cells, to stimulate histamine release from basophils and mast cells, and to • a j so u 

activate neutrophils and platelets (3). MBP is able to cause bronchospasm crysta 

and increased activity to inhaled methacholine when instilled into monkey EP( 

lung (29); these effects are neutralized by polyglutamic acid (30). peroxi 

Eosinophil cationic protein (ECP) ECP is a strikingly basic protein, pi fundi- 

10.8, whose partial end-terminal amino acid sequence has marked hom- xt acts 

ology to that of EDN and to pancreatic ribonuclease. Analysis of the results 

cDNA of ECP reveals that it codes for a preproprotein of 1 60 amino acids vanet; 

and a protein of 1 33 amino acids with M r 1 5,600. The amino acid sequence fungi, 

shows 66% identity to EDN and 31% to human pancreatic ribonuclease. chlori 

Thus, ECP is a member of the ribonuclease gene superfamily, the other bromi 

members of which include EDN, pancreatic ribonuclease, and human 1 

angiogenin. The ECP gene is localized to the q24-q31 region of human sulfhy 

chromosome 14 (3). ECP is localized to the eosinophil granule matrix; its halide 

functions include marked toxicity to bacteria, to helminths and protozoa, Chare 

and to mammalian cells. \ produ 
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Eosinophil-derived neurotoxin (EDN) EDN was so named because it 
is able to cause a neurotoxic reaction when injected into the brains of — 
experimental animals. As noted above (in the section on ECP), EDN 
is homologous to pancreatic ribonuclease and is thus a member of the 
ribonuclease superfamily. EDN cDNA has been cloned and it encodes a 
134 amino acid polypeptide with M r of 15,500. The amino acid sequence 
of EDN is identical to that reported for human urinary ribonuclease and 
to the amino-terminal sequence of human liver ribonuclease. Like ECP, 
EDN is localized to chromosome 14, and it is present in the eosinophil 
granule matrix. EDN causes the Gordon phenomenon when injected into 
rabbits, and EDN and ECP are essentially equal in potency in this assay 
(31). Alkylation of EDN with iodoacetic acid destroys its ribonuclease , 
activity and also its neurotoxic activity, which suggests that neurotoxic 
activity is dependent on ribonuclease activity (32). In contrast to the 
other eosinophil granule proteins, which are potent toxins, EDN was only 
weakly toxic to parasites and to mammalian cells (3). 

Eosinophil peroxidase (EPO) The partial amino acid sequence of EPO 
has been determined and its cDNA cloned. The cDNA coded for a 381 
base pair pro-sequence, a 333 base pair sequence corresponding to the 
coding region of the EPO light chain, and a 1392 base pair sequence 
corresponding to the EPO heavy chain and a 452 base pair untranslated 
3' region. The light and heavy EPO subunits correspond to 12,712 and 
53,011 M T proteins with isoelectric points of 10.8 and 10.7, respectively. 
The sequence of EPO is strikingly similar to that of myeloperoxidase 
(MPO) and thyroid peroxidase; EPO belongs to a multigene family that 
also includes a lactoperoxidase (3). EPO is localized to the matrix of the 
crystalloid-containing granules. 

EPO functions both as a cationic toxin in the absence of hydrogen 
peroxide and as a peroxidase in the presence of hydrogen peroxide. The 
functions of EPO have been extensively studied on the presumption that 
it acts as a peroxidase and is able to generate hypohalous acids. These 
results, utilizing iodide and bromide, showed that EPO was able to kill a 
variety of targets, including parasites, bacteria, viruses, microplasma, and 
fungi. Although prior results have shown that EPO prefers bromide over 
chloride, more recent data indicate that EPO prefers thiocyanate over 
bromide by at least 100-fold. The product of the interaction of EPO 
with thiocyanate is hypothiocyanous acid, which is a weak, primarily 
sulfhydryl-active oxidant. As a cationic toxin in the absence of H 2 0 2 and 
halide, EPO is able to kill parasites and mammalian cells (3). 

Char cot-Ley den crystal (CLC) protein (lysophospholipase) Eosinophils 
produce distinctive hexagonal bipyramidal crystals; the protein comprising 
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these crystals possesses lysophospholipase activity (3). CLC cDNA has EOS 
recently been cloned, and the deduced amino acid sequence is strikingly 

homologous to various lectins (33). Although initial results suggested that At th 

CLC was present in the membrane of the eosinophil, more recent data vauo: ' 

indicate that CLC can be localized to eosinophil granules devoid of crys- . name 

talline inclusions that seem to be persisting primary granules. The role of factoi 

CLC in disease is as yet obscure, although recent information suggests c y tes 

that it degrades lysophosphatidylcholine, an important component of pul- eosin 

monary surfactant (33), and the resulting increase in surface tension might abilit 

account in part for the tendency of patients with asthma to develop t ^ iat ' 

atelectasis. ( 4 ^ - 

vatioi 

MEDIATOR PRODUCTION ligh t t 

conta 

Eosinophils produce PAF, which can increase cutaneous permeability and 1 vidua 

smooth muscle contraction and which is a potent stimulator of many cells, eosim 

including neutrophils, macrophages, and platelets (3). PAF is also a potent direct 

chemotactic factor for eosinophils. Eosinophils also preferentially syn- densil 

thesize LTC 4 , another potent mediator causing bronchoconstriction and count 

changes in vascular permeability (3), whereas neutrophils predominantly to § ei 

elaborate LTB 4 . a ^ iut - 

phore 

EOSINOPHILOPOIESIS (3) . A 

eosin< 

Eosinophils are produced in the bone marrow and then released into the °f eos 

peripheral blood, where they circulate before migrating into the tissues a ' ^1 

(34). Recent studies show that three eosinophil-active cytokines are able gener; 

to stimulate colony formation by eosinophil precursors, namely IL-5, IL- eosin( 

3, and GM-CSF; among these, IL-5 appears to be dominant (35). butm 

Similarly, human umbilical cord blood cells can be driven to eosinophil when 

differentiation utilizing IL-5 (36). The eosinophilia associated with hel- becon 
minth infection is abolished by pretreating animals with antibodies to IL- 

5 (37, 38). In humans, serum levels of IL-5 are elevated in patients with eosinc 

onchocerciasis, and the elevations of IL-5 precede the peak of blood invest] 

eosinophilia; in contrast, IL-3 and GM-CSF levels were not detectable in the h y 

sera from these patients (39). Furthermore, patients treated with IL-2 The 11 

developed striking eosinophilia, elevations of blood and urine MBP, and quanti 

increased serum levels of IL-5 (40). Lastly, IL-5 transgenic mice developed P rovo 

selective eosinophilia (41, 42), and the eosinophilia was blocked by anti- in the 

body to the IL-5 receptor (43). Because in humans IL-5 appears to have rin § C 

little effect on B-cell function (44), IL-5 may be a particularly appealing mamb 

target for therapeutic intervention. in ^ e 
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> has EOSINOPHIL ACTIVATION 

ingly 

that At this writing, it appears that the major factors causing eosinophil acti- 

data vation are the same cytokines implicated in eosinophil colony formation, 

crys- . namely IL-5, GM-CSF, and IL-3 (45). It seems likely that these activating 

ile of factors are produced by mononuclear cells, including T cells and mono- 

gests c y tes ( 3 )- In the 1970s, studies of a T-cell-derived factor, termed the 

-pul- eosinophil stimulator promoter (ESP), revealed that ESP enhanced the 

right ability of eosinophils to kill targets in vitro. Recent studies of ESP show 

zelop that its activity is attributable to a combination of GM-CSF and IL-5 

(46). Additional information supporting the concept of eosinophil acti- 
vation and identifying a marker for such activation comes from studies of 
light density eosinophils (3). Whereas the blood of normal individuals 
contains fewer than 10% eosinophils with density less than 1.082, indi- 
, and 1 viduals with eosinophilia may have striking increases in light density 

cells, eosinophils (47, 48). In addition, the numbers of light density eosinophils 

otent directly correlate with the degree of peripheral blood eosinophilia. Light 

syn- density eosinophils are metabolically more active than their normodense 

! and counterparts, show increased oxygen consumption and increased ability 

antly t0 generate superoxide anion, show increased production and/or reus- 

ability of LTC 4 after incubation with IgG-coated beads or calcium iono- 
phore, and show potent cytotoxic activity for antibody-coated targets 
(3). Analyses of the factors responsible for the induction of light density 
eosinophils, and thus eosinophil activation, have demonstrated that culture 
o the of eosinophils with growth factors including GM-CSF, IL-3, IL-5, IFN- 

ssues a > IFN-y, alone or in the presence of endothelial cells and/or fibroblasts, 

; able generates light density activated eosinophils (45). The enhancement of 

; } il- eosinophil survival is specific for eosinophil-activating factors, e.g. IL-5, 

(35). but not for granulocyte colony-stimulating factor (G-CSF) (49). Therefore, 

ophil wne n normodense eosinophils are activated by growth factors, they 

, hel- become activated light density cells. 

3 IL- The realization that the occurrence of light density eosinophils reflects prior 

with eosinophil activation has stimulated interest in these cells among clinical 

jlood investigators. Light density eosinophils occur in numerous diseases, including 

ble in tne hypereosinophilic syndrome, parasitic diseases, and bronchial asthma (3). 

IL-2 The light density eosinophils from patients with asthma elaborated greater 

? and quantities of LTC 4 than did eosinophils of normal density, and bronchial 

loped provocation with antigens increased the percentage of light density eosinophils 

anti- m tne peripheral blood, which suggests that eosinophil activation was occur- 

have ring (50)- Furthermore, eosinophils in the hypereosinophilic syndrome are 

;a ling mainly light density eosinophils (48), and IL-5 activity can be demonstrated 

in the serum of patients with the hypereosinophilic syndrome (51). 
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In addition to T-cell-derived factors, eosinophil-activating factors 
derived from monocytes have also been identified. Certain of these activi- 
ties may be due to TNF (3, 52), whereas others may be novel polypeptides 
(53). Other potent activators of eosinophils include PAF (54) and C5a 
(55). 



THE FUNCTIONS OF EOSINOPHILS 

The most striking associations of eosinophilia have been with hyper- 
sensitivity diseases, especially bronchial asthma, and helminth infection. 
These are discussed in detail below. Considerable information also points 
to a role for the eosinophil in cutaneous diseases (56, 57), including the 
following: (a) syndromes associated with urticaria and edema [such as 
chronic, solar and delayed-pressure urticaria, the IgE-mediated late-phase 
reaction, episodic angioedema with eosinophilia, the IL-2 toxicity syn- 
drome (40) and Wells' syndrome]; (b) chronic dermatitides (such as atopic 
dermatitis and onchocercal dermatitis); and finally (c) syndromes associ- 
ated with fibrosis (such as eosinophilic fasciitis, the eosinophiliamyalgia 
syndrome, and the Spanish toxic oil syndrome). Deposition of toxic granule 
proteins into tissues has been observed in all of these diseases (56, 57). 

In addition, eosinophils could affect other cells. Because they express 
HLA-DR (25), eosinophils could interact with CD4 + lymphocytes and 
elicit antigen-specific responses. Furthermore, eosinophils express mRNA 
for cytokines such as transforming growth factors (TGF), TGF-a (58) and 
TGF-j5 (59), IL-1 (60), GM-CSF (61), and IL-5 (62), and they secrete IL- 
1 (60), GM-CSF (63), and IL-3 (63). Thus, eosinophils have the ability to 
produce cytokines that may affect many cells, as well as causing their own 
autoactivation. 

Immunity to Parasites 

Over the past two decades, new evidence has appeared supporting a role 
for the eosinophil as an effector cell in parasitism. This evidence consists 
of (a) the ability of eosinophils to kill helminths directly, (b) the ability of 
the eosinophil granule proteins to kill helminths, (c) the ability of anti- 
eosinophil serum to abolish immunity to parasites, and (d) the demon- 
stration that eosinophils infiltrate about and degranulate onto degener- 
ating parasites (3). Experiments using polyclonal anti-eosinophil serum 
were conducted in the 1970s. These experiments showed that anti-eosino- 
phil serum reduced or totally abolished immunity to helminths, including 
S. mansoni, Trichinella spiralis, and Trichostrongylus colubriformis and to 
a tick, Amblyomma americanus (3). 
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More recent experiments have utilized antibodies to IL-5 to abolish 
eosinophilia and to test the concept that the eosinophil is a potent mediator 
of immunity to helminths. In initial experiments, monoclonal antibody to 
IL-5 suppressed blood eosinophilia and the infiltration of eosinophils into 
the lungs of mice parasitized with Nippostrongylus brasiliensis (37). 
Subsequent experiments testing the effect of anti-IL-5 on parasite immunity 
showed that administration of anti-IL-5 completely ablated circulating 
and tissue eosinophils, but had no effect on the immunity of mice to S. 
mansoni (38, 64). Similar results were seen following administration of 
antibodies to IL-4, which markedly reduced serum IgE levels, but failed 
to diminish immunity. In contrast to these findings, treatment with anti- 
bodies to IFN-y caused partial depletion of immunity in the vaccinated 
mice and increased the inflammatory reaction against the schistosomula 
in the lungs. 

These results support a role for IFN-y-dependent cell-mediated effectors 
in resistance to S. mansoni, and, at face value, the data appear sharply at 
variance with results of studies in the 1970s employing polyclonal anti- 
eosinophil serum. However, the possibility exists that mice employ differ- 
ent immune mechanisms for resistance to various parasites, including 
nematodes. Analyses of T helper cells indicate that murine T helper cells 
can be divided into two subsets in which IFN-y is secreted by TH-1 cells, 
whereas IL-5 and IL-^1 are secreted by TH-2 cells (65). TH-1 cells appear 
to be critically important for immunity to Leishmania major (66), and TH- 
2 type responses in mice lead to progressive disease and death following 
L. major infection. 

Because eosinophils have long been associated with helminth infection 
in humans and because analyses of immune responses in humans indicate 
a bias toward IL-5 production (39, 67), it is tempting to speculate that 
TH-2 responses with IL-5 production in eosinophilia would be associated 
with immunity. Support for this point of view has recently come from 
studies of cellular immune responses to the murine nematode parasite, 
Trichuris muris (68). In this model of parasitism, immunity was associated 
with polarization of the T helper cell response during infection to give 
predominantly IFN-y-secreting TH-1 cells in strains of mice unable to 
expel the parasite, and TH-2 cells that produced mainly IL-^1 and IL-5 in 
resistant strains. Thus, these results would support the associations that 
existed in the past regarding the likely importance of eosinophils in hel- 
minth infections. 

Bronchial Asthma 

Peripheral blood eosinophilia was initially associated with asthma in 1889, 
and by 1922 the striking eosinophilia of the airways in patients with 
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asthma was already described. In 1975 peripheral blood eosinophilia was 
correlated with the severity of asthma as judged by the diminution of the 
FEV,. With the recognition that MBP is a potent toxin to mammalian 
cells (69, 70), its effect on respiratory epithelium was tested: MBP produced 
striking damage to respiratory cells (71, 72). The changes produced by 
MBP are similar to the pathologic changes in bronchial asthma (1, 73), 
and these findings stimulated tests of the hypothesis that MBP might be a 
mediator of damage to bronchial epithelium. The results of such tests are 
reviewed elsewhere (1, 73, 74). Sputum levels of MBP in patients with 
asthma are in the range of MBP concentrations required for toxicity in 
vitro; furthermore, treating patients with asthma improved airflow and 
lowered the concentration of sputum MBP (75). MBP could also be local- 
ized to sites of damage in respiratory epithelium (76, 77). A detailed 
analysis of the effect of MBP on cilia revealed that MBP reduced the 
number of beating cells. MBP also stopped the beating of isolated 
axonemes, and the MBP target appears to be the axonemal ATPase (78). 
Further, MBP produced an increase in short-circuit current and net chlo- 
ride secretion when applied to the mucosal side of tracheal membranes in 
Ussing chambers, which suggests that MBP could contribute to abnor- 
malities in airway secretions and ciliary function by stimulating airway 
epithelial chloride and water secretion (79). 

The studies described above were consistent with the hypothesis that 
the eosinophil through its granule proteins, particularly MBP, altered 
bronchial epithelium. More recently, the hypothesis that the eosinophil 
might be related to bronchial hyperreactivity, one of the cardinal stigmata 
of asthma, has been tested in several ways. 

1 . First, peripheral blood eosinophilia is correlated with the degree of 
bronchial hyperreactivity (73). 

2. Bronchoalveolar lavage (BAL) fluids from patients with asthma 
revealed an increase in the number of eosinophils and in the quantities of 
MBP compared to controls; higher amounts of MBP were also present in 
the BAL fluids of patients with bronchial hyperreactivity compared to 
patients without hyperreactivity (80). Further, the severity of bronchial 
hyperreactivity and the concentrations of MBP in the BAL fluids were 
positively correlated. 

3. Analyses of the role of ICAM-1 in eosinophil migration and airway 
responsiveness of cynomolgus monkeys showed that repeated inhalation 
of antigen caused an intense eosinophil infiltration in the lung and was 
associated with a marked increase in airway responsiveness. Daily injec- 
tions of a monoclonal antibody to ICAM-1 attenuated both the eosinophil 
infiltration and the increased airway responsiveness in these animals (81). 
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vas Thus, inhibition of eosinophil infiltration blocks the antigen-driven 

the increase in bronchial hyperreactivity. 

ian 4. In primates repeated antigen inhalation caused a prolonged inflam- 

ed matory reaction in the airway characterized by a marked increase in airway 

by j eosinophils and an increase in airway responsiveness, as shown by a 

'3), leftward shift in the methacholine dose-response curve (82). The number 

e a of B AL fluid eosinophils and the level of BAL fluid MBP were related to 

are the sensitivity of the animals to methacholine. 

ith 5. Investigation of the potential involvement of MBP in bronchial hyper- 

in reactivity showed that instillation of MBP directly into the trachea of 

tnd primates resulted in a dose-related increase in airway responsiveness to 

;al- inhaled methacholine (29). Among the four principal eosinophil granule 

led proteins, only MBP caused this effect. In addition, immediately after 

the instillation into the monkey lungs, both MBP and EPO induced a transient 

ted bronchoconstriction. These data suggest that MBP and EPO cause 

7 8). bronchoconstriction and that MBP directly causes bronchial hyper- 

ilo- reactivity. 

5 in 6. Investigations of the mechanism of MBP have shown that the MBP 

or- application to respiratory epithelium altered the responsiveness of muscle 

vay to agonists, such as acetylcholine and histamine (83), and that topical 

application of MBP to respiratory epithelium (but not direct instillation 
hat into tracheal smooth muscle) augmented the contraction of underlying 

red smooth muscle to acetylcholine (84, 85). 

)hil 7. Finally, acidic polyamino acids, which are potent antagonists of MBP 

ata toxicity, also inhibited the increase in methacholine sensitivity caused by 

MBP administration into the lung. 

Overall, the results listed above suggest that eosinophil granule proteins, 
J of and especially MBP, cause bronchial hyperreactivity by their action on 

respiratory epithelium. 

ma More recent studies have focused on the mechanism by which eosino- 

5 of phils might infiltrate the respiratory tract. As noted above, monoclonal 

t in antibodies to ICAM-1 blocked eosinophil infiltration and decreased bron- 

to chial hyperreactivity in a primate model (81). Antigen-induced pulmonary 

lial late-phase inflammation in patients with allergic rhinitis receiving seg- 

'ere mental bronchial challenge with allergen was associated with marked 

eosinophilia, as well as increased levels of all eosinophil granule proteins 
vay and IL-5 in the BAL fluid (86). Analyses of biopsies of bronchial mucosa 

ion from patients with asthma by in situ hybridization showed the presence of 

*as cells containing IL-5 mRNA in six of ten patients (87). The six IL-5 

jec- mRNA-positive patients tended to have more severe disease than the four 

IL-5 mRNA-negative patients and showed a significant increase in the 
degree of infiltration of the bronchial epithelium by eosinophils and acti- 
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vated T cells. Further, among the patients who showed positive IL-5 
mRNA, the numbers of T cells, eosinophils, and IL-5 mRNA expression 
were positively correlated. The type of cell expressing IL-5 mRNA in 
the bronchial submucosa remains unknown. However, a recent report 
suggested that virtually all of the hybridizing cells in BAL fluids could be 
accounted for as CD2 + T cells (88). Finally, IL-5 protein has now been 
measured in BAL fluid from symptomatic patients with asthma (89). 

The above series of investigations suggest that the eosinophil is the 
principal mediator of the pathology of bronchial asthma (Figure 1), and 
that eosinophilia is related to the production of IL-5 by T lymphocytes. 
The possibility that other inflammatory cells, including eosinophils them- 
selves (62) and mast cells, might produce IL-5 remains to be shown. 



ASTHMA: THE EOSINOPHIL HYPOTHESIS 




Figure 1 Schematic summary of the proposed role of eosinophils in bronchial asthma: the 
effects on the bronchus are shown by comparing a section of normal bronchus {A ) with a 
portion damaged by MBP, ECP, or EPO (B), showing epithelial desquamation; and with a 
section (C) showing smooth-muscle hypertrophy, constriction, and edema of the lamina 
propria, resulting in a reduction in the caliber of the airway. (Modified from 90, by permission 
of Mayo Foundation). 
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Further, the mechanism by which T cells mature onto a TH-2 pathway 
with production of IL-5 remains to be determined. As noted earlier, IL- 
5 appears to be an attractive target for pharmacological intervention, and 
it seems probable that specific antagonists of IL-5 will be available to 
clinical investigators in the not too distant future. 
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